Changes in messenger RNAs coding for neurotransmitter receptors and voltage-operated channels in the developing rat cerebral cortex.
The ontogenetic development of poly(A)+ mRNAs coding for receptors to several neurotransmitters (kainate, glutamate, acetylcholine, and serotonin) and voltage-operated channels (sodium and calcium) was studied by isolating total poly(A)+ mRNA from the brains of rats at various developmental stages and injecting it into Xenopus oocytes. The oocytes translated the foreign mRNA and incorporated functional receptor/ion channel complexes into the cell membrane. Thus, recording of induced membrane currents in voltage-clamped oocytes gave a measure of the relative amounts of the different messengers. Responses induced by kainate, glutamate, acetylcholine, and serotonin all increased with age and reached a maximum in oocytes injected with mRNA from adult cortex. Messenger RNAs for the earliest ages examined, Embryonic Days 15 and 18, expressed little or no response to kainate, glutamate, or acetylcholine, while 50-70% of the adult response was reached by Postnatal Day 10. In contrast, the serotonin-induced response was already comparatively large (16% of the adult level) in oocytes injected with mRNA from Embryonic Day 15 brain and increased postnatally to adult levels. The expression of voltage-dependent sodium and calcium channels was small in oocytes injected with mRNA from embryonic animals and increased postnatally to reach a maximum in oocytes injected with mRNA from adult animals.